Objectives: The objective of this study was to determine whether drugs with sedative properties are related to oral health behaviour-such as frequency of toothbrushing, using toothpaste and dental visits-and oral hygiene, measured by the number of teeth with dental plaque, among community-dwelling older people.
| INTRODUCTION
In the near future, the ageing population and increasing number of dentate, older people will pose challenges to dental health services.
The best way to response to these challenges is to control oral diseases by improving oral self-care and organizing appropriate dental care services. To allocate resources optimally, dental professionals need to identify those older individuals who have difficulties in performing sufficient oral self-care and who have difficulties in utilizing dental health services.
It has been shown that poor oral hygiene practices and irregular utilization of dental services are associated with several factors such as low education, 1 unhealthy lifestyle, 2 poor health and systemic diseases, 3, 4 functional impairments 5, 6 and impaired cognitive function. 7, 8 Whether medications or their adverse effects are associated with poor oral hygiene or irregular utilization of dental services is not known. However, drugs with sedative properties have been shown to be associated with low functional capacity 9 and impaired cognition, 10, 11 which both predispose a person to poor oral hygiene practices and irregular dental visits.
Earlier studies have shown that use of drugs with sedative properties is more frequent among older people than among the general population 12 varying from 10 to 40 per cent. [13] [14] [15] Drugs with sedative properties include opioids, anticonvulsants, antidepressants, antipsychotics, anxiolytics and other drugs that induce sedation as a wanted effect or an unwanted side effect. Cumulative exposure to and use of multiple drugs with sedative properties can be assessed using the sedative load (SL) model. 16, 17 In this model, each drug taken by the participant is categorized into one of the four groups based on its sedative properties, and cumulative exposure is the sum of the categorical values of all the drugs used. 16 The aim of this study was to study whether SL is associated with a person's oral health behaviour, such as toothbrushing frequency, using toothpaste, regularity of dental visits and amount of dental plaque among community-dwelling older people. Our hypothesis was that older people who use drugs with sedative properties are at risk for poor oral health behaviour due to the adverse effects of these drugs.
| MATERIALS AND METHODS
In this study, we used data from the population-based Oral Health GeMS study, which was part of the larger Geriatric Multidisciplinary
Strategy for the Good Care of the Elderly (GeMS) study. The original study population consisted of 1000 randomly selected subjects (≥75 years old on the first of November in 2003) living in the city of
Kuopio, who were randomized into an intervention group (n=500) and a control group (n=500). The participants belonging to the intervention group underwent comprehensive geriatric assessments and oral examinations at the baseline of GeMS study, prior to the dental interventions (354 people of 500 participated). We further restricted our study population to include community-dwelling, non-smoking, dentate people (at least one clinically visible tooth or dental root); the 
| Outcome variables
In this study, we used the frequency of toothbrushing, use of toothpaste, regularity of dental visits and number of teeth with dental plaque as outcome variables. Information about oral health behaviour was obtained by the dentist during the interview. Dental plaque was measured from the buccal and palatal surfaces of all teeth, based on a visual examination after light drying with an air syringe during the clinical oral examination.
Toothbrushing was classified as brushing at least twice a day vs less frequent. Use of toothpaste was classified as using at least twice a day vs less frequent. Dental visits were classified as regular (annually or less frequent) vs symptom-based or never.
| Explanatory variable
Sedative load was calculated for each participant using the Sedative Load Model. 16 The model was updated in 2009 to include drugs brought to the market after the development of the original model. A sedative rating was assigned for each group of drugs based on their sedative properties. Drugs in group one had a numeric rating of 2 and in group two the rating was 1. Drugs in groups three and four were given a rating of 0. The participant's SL is the sum of all the sedative ratings of the drugs used. Each participant's SL was classified into one of two categories: no SL (n=115) and SL (n=44). More detailed information about SL in the GeMS study population has been provided earlier. 17 Both categorized and continuous SL variables were used in the analyses.
| Other variables
The participant's functional capability was determined using the Lawton Instrumental Activities of Daily Living (IADL) scale. 22 The scale is based on a questionnaire that includes eight domains. These domains are ability to use a telephone, purchase groceries, prepare food, do laundry, cook, handle medication and take care of personal finances and household management. The IADL score was classified into two groups: 0-6 vs 7-8.
Comorbidities were quantified using a modified version of the Functional Comorbidity Index (FCI), 23 
| Statistical methods
Logistic regression models were used to estimate odds ratios (OR) and their 95% confidence intervals (CI) for all binominal variables (toothbrushing, use of toothpaste and dental visit). Poisson regression model was used to estimate relative risk (RR) for number of teeth with dental plaque because of the skewed distribution of the variable. In the Poisson regression, number of teeth was used as an offset variable.
All models were adjusted for confounding factors based on literature. 26 These factors included age, gender, education, FCI and total number of drugs. The statistical analyses were performed using SPSS, Chicago Ill., USA 22.0 software for Windows. 27 
| RESULTS
The characteristics of the study population, according to categories of SL, are presented in Table 1 and unadjusted ORs and RRs in Table 2 .
The results obtained from the multivariate models are presented in 
| DISCUSSION
To our knowledge, this is the first study to analyse whether SL is associated with oral health behaviour. The main finding of this study was that participants who used drugs with sedative properties tended to have poorer oral health behaviour and poorer oral hygiene than participants who did not have a SL. One possible explanation for the findings is that use of drugs with sedative properties decreases a person's ability to organize a visit to a dental office and manual skills needed in brushing teeth. This explanation would be in line with previous studies, which have shown that SL is associated with low functional capacity, 9 which in turn has been shown to be associated with inadequate oral hygiene 6 and poor utilization of dental services. 5 Besides the effect of SL on organizing and manual skills, sedative drugs have an effect on mobility, balance 28 and muscle strength, 29 which all have been shown earlier to be associated with decreased utilization of dental services. 3, 30 With impaired mobility, the trip to a dental office becomes more difficult and the person is more likely to disregard regular visits and seek help only when T A B L E 2 Factors related to toothbrushing, use of toothpaste, dental visits and dental plaque T A B L E 3 Relation between sedative load and toothbrushing, use of toothpaste and dental visits and the number of teeth with dental plaque necessary, such as when having a toothache. The role of functional capacity in the association between sedative drugs and oral health behaviour is supported by the observations that participants with a SL had a lower functional capacity than participants without a SL. On the other hand, the importance of SL as an independent factor was supported by the observation that the adjustment for functional capacity (IADL) had only a minuscule effect on the risk estimates (Table 3, Model 3).
Another mechanism that could explain why SL was associated with impaired oral health behaviour could be the side effects of drugs with sedative properties, such as altered mood, decreased cognitive function or memory difficulties. 8, [31] [32] [33] [34] In addition to sedative drugs having an effect on cognition, 11, 12, 35 it is worth to keeping in mind that some of the drugs with sedative properties also have anticholinergic effects, which are known to be associated with cognitive impairment. 36 We assumed that the relation between SL and poor oral health behaviour is to some extent mediated by poor cognitive function. However, contrary to our assumption, adjustment for cognitive function (MMSE) did not have any essential attenuating effect on the risk estimates (Table 3 , Model 2). This observation suggestsbesides the independent role of SL-that the association between SL and health behaviour is not essentially mediated or confounded by cognitive function.
The original GeMS study population was homogeneous in terms of ethnic origin and place of residence. The participants of this study were also quite homogeneous in relation to physical and mental status, as participants living in nursing homes were excluded. The homogeneity of the study population was further increased by excluding smokers from the study. These restrictions also meant that the study population became smaller which can be considered a limitation. The small study population self-evidently decreases the credibility of the study.
In addition to the above-mentioned restrictions, the effect of confounding was controlled using regression models where all models were adjusted for age, gender, education, FCI and total number of drugs. Other factors associated with oral health behaviour, such as depression 37 and Parkinson's disease, were rare in these data. The first set of regression models was not adjusted for MMSE or IADL because we assumed that these variables at least partly mediate the association between the use of sedative drugs and oral health behaviour. The second and third sets of models were adjusted for cognitive function (Table 3 , Model 2) and functional capacity (Table 3 , Model 3), respectively, to more thoroughly explore their roles in the association between SL and oral health behaviour.
It should be kept in mind that causal models can be complex. In this case, impaired cognition and low functional capacity could be either an antecedent to SL, they could mediate the sedative effects or they could cause confounding in the relation between SL and oral health behaviour. How the findings of this study are interpreted depends on the underlying causal model. Nevertheless, whatever the role of cognitive function and functional capacity is, the results showed that SL is a fairly independent determinant of oral health behaviour.
| CONCLUDING REMARKS
In this study, oral health behaviour was assessed using four variables that describe different aspects of oral health behaviour and that are partly complementary to each other, which both increase the credibility of the findings of the present study. Although a direct causeeffect relation between the effects of sedative drugs on oral health behaviour is difficult to establish, it is reasonable to consider use of sedative drugs as an independent indicator for poor oral health behaviour among older people. This means that dental professionals could use the SL model as a part of comprehensive risk assessment for poor oral health behaviour and thereby identify those elderly patients who require more thorough oral hygiene measures.
| CLINICAL RELEVANCE

| Scientific rationale for this study
Poor oral health behaviour increases the risk for oral diseases, such as dental caries and periodontal infections. Dental professionals need tools for identifying older people at risk of poor oral health behaviour.
| Principal findings
Participants with a SL tended to have insufficient oral health behaviour or poorer oral hygiene in comparison with participants without a SL.
| Practical implications
Use of drugs with sedative properties could be an indicator of poor oral health behaviour.
